This work presents the investigation of the mechanical behavior of composite materials strengthened with short fibers and particles. A simple model is presented, with the purpose of predicting the fracture strength of this class of composite material. The model consists of the modification of the rule of mixtures, by the introduction of a correction factor, which corresponds to the adhesion of the resin to the fiber and the particles. The experiments were performed on three different composite materials having the same raw material but different mixture ratios. The composite materials produced were tested by the three-point flexural method, according to ASTM standard, in order to determine their mechanical properties. The comparison between theoretical and experimental results were also performed and found to be in reasonable agreement. Other relevant parameters will also be discussed.
Introduction
The use of composite materials in the engineering area has improved in several segments of industry. This is due to the improvement in the specific strength and rigidity of these materials. The constant development of ever increasing high speed vehicles and other equipment has forced the friction material industry to produce improved braking systems containing particles reinforced with chopped fibers. These materials together with other ingredients lead to products having high mechanical resistance, thermal stability and conductivity, friction coefficient, optimized NVH (noise, vibration and harshness) characteristics. It would be difficult to obtain this combination of properties using a non-composite material and maintaining a viable cost. The main difficulty in the design of particulate chopped fibers reinforced composite materials is to predict their properties. This is because the rule of mixtures, originally developed for continuous fibers composite materials, does not predict, efficiently, the final properties of this kind of composite material [1] . The purpose of this work is to investigate a ternary composite (matrix, chopped fibers and particles) for the prediction of its mechanical resistance, taking into account the manufacturing process of the product. This is performed by simulating a simple friction material and modifying the traditional rule of mixtures and adapting it to particulate chopped fibers reinforced composite materials
The Modified Rule of Mixtures
The loading, on particulate chopped fibers reinforced composite materials, is taken first by the matrix, which transfers it to fibers and particles through interfaces. Thus, the interfacial shear resistance and the effectiveness of the phases covered by the matrix are critical aspects for the mechanical model of the composite, according to Al-Qureshi [2] . In this present work it is important to introduce correction factors to adjust the efficiency of the contribution of each term of the rule of mixtures, which can be expressed as:
where P c, P f, P m and P p represent the specific composite mechanical property, the fiber phase mechanical property, the matrix property and the particle phase property, respectively. v f , v m e v p represent the volume fraction of fiber phase, matrix phase and particle phase, respectively. The factor β represents the fibers reinforcement efficiency and the factor λ corresponds to adhesion efficiency of matrix given in Ref. [2] . The fracture strength chopped fibers reinforced composite may be written in the following form:
where σ c is fracture strength of the composite, σ fu is the fracture strength of the fibers, L c e L are the critical length and the fibers length, E m e E f are the elastic moduli of matrix and fibers. In this case, the tension supported by the particle phase is equal to matrix/particle interfacial shear tension, approaching 3 m m σ τ = [3, 4] . Also, the tension developed in the fibers will be equal to instead of σ fultimate . The tension developed in the matrix, in this situation, is equal to the fracture strength of the matrix, as well as the matrix/particles interfacial shear tension. Finally the modified rule of mixtures to determine the strength of the ternary composite can be expressed as:
This relation describes, more correctly, the mechanical behavior of chopped fibers reinforced particulate composite materials, when the matrix shows a fracture deformation smaller than the fibers fracture deformation.
Materials and Experimental Procedure
In the present experiment, the composite materials were manufactured using phenolic resin (powder), chopped glass fibers and aluminum oxide (powder). The relevant properties of these raw materials are shown in Table 1 . 
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The process used to produce the composite materials is similar to the commercial brake linings production process: mixing (5'20"), hot compaction (pressure of 50 Kgf/cm 2 , temperature of 160ºC), "after cure" thermal treatment (4.5 hours, maximum temperature of 160ºC). The tools used are shown in Fig. 1 . The load-deflection curve during the compaction can be obtained through the built in strain gauges. Fig.1 Experimental tool for powder compaction.
To determine the mechanical properties of the above material the three points bending test, according to the standard ASTM D790-92 was employed. Test Method I, Procedure A -indicated for materials that brake at small deflections was used [5, 6] . The important parameters of test are length (96 mm), depth (9.6 mm), width (13 mm), distance between noses (13 mm), deflection speed (1.5 mm/min) and the number of samples tested for each material, that is 10. Needless to say the apparent density before compaction was determined for all materials using the standard NF 80,004. The density after thermal treatment was measured for all materials using the water dislocated method, according to standard NBR 5544 [7] .
Results and Discussion
It is worth mentioning here that it has always been difficult to determine the values of the elastic modulus and fracture strength of phenolic resin, however Table 2 supplies only a range of values. Similarly the value of γ (0<γ<1), is not determined and will be estimated in the present work. Parameter λ was taken as equal to 1, because good fiber covering was observed in the image analysis. From the combinations of parameters given in Table 2 , the theoretical results of the fracture strength of the composite materials 1,2 and 3 can be estimated. Table 2 enumerates the theoretical and experimental results obtained from the three points bending test of the fracture strength of the tested composites for the extreme values of the factor γ. It can be observed that the experimental values fall within the range of the extreme values of factor γ. Therefore it becomes evident that the correction factors in the modified equation of the rule of mixtures, especially factor γ, must be determined as accurately as possible to yield reliable results.
Conclusions
Ternary composites are widely used in the manufacture of the braking system of vehicles. Therefore the determination of the mechanical properties is fundamental to ensure improved performance in this system. The simplified model to predict the fracture strength of chopped fibers reinforced particulate composites, was developed as a result of the modification of the rule of mixtures by the introduction of several correction factors. However the correction factor γ needed to be estimated accurately to give improved estimation of composite strength. In the present experiment three types of composites having different ratios of constituents were examined employing the three points bending test. Reasonable agreements were obtained between the theoretical and the experimental results of the fracture strength of the fiber/particulate composites. Many other essential aspects need to be evaluated in more depth, such as, characterization of the phenolic resin and parameters such as γ and λ need more extensive investigation as well as the matrix/fiber and matrix/particle interfaces.
